Section ofRadiology 349 have seldom been brought under control and planned purposefully. There are, despite appointments, peak arrival times in numbers of patients and volume of work, which cause an uneven use and an overall under-employment of radiographers and equipment on their essential functions. Evidence suggests that departments could exercise greater control over their work-loads; many demands are predictable and only a small proportion need be uncontrolled. Spread more evenly they would use expensive resources more economically, and patients and staff alike would benefit.
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(2) Possible remedies: No department can be staffed and equipped to provide an immediate, comprehensive service. To offer a service of quality the X-ray department must organize its work; the principles of such an organization have planning implications: (a) An administrative focus: an X-ray receptionist should allocate the department's work as it comes to the radiographers and X-ray rooms available according to a predetermined plan. (b) Flexibility: each X-ray room should be versatile and the commoner investigations distributed widely among them. (c) The end-product: the tools of modern business should be introduced into X-ray departments' clerical work. (d) Film storage: X-ray films might be stored as part of a central patients' records 'library'. Meeting October 18-19 1963 heldjointly with the Faculty ofRadiologists and the British Institute ofRadiology at the Royal College ofNursing, London
The Planning of Radiotherapy Departments [Summary] New Aids and Equipment for Radiotherapy * Professor W V Mayneord (Institute of Cancer Research, Royal Marsden Hospital, London) read a paper introducing the discussion on the planning of radiotherapy departments, and particularly the survey of new aids and equipment for radiotherapy.
Beam Therapy Apparatus in a Modem Radiotherapy Department Frank Ellis MD (Churchill Hospital, Headington, Oxford) The aim is to give the right dose to the right places in the right time. The apparatus we use determines whether we can do this, and it is important to start with the right apparatus. It should be able to deliver a minimum tumour dose, or a uniform dose to the volume to be treated with a minimal dose to normal tissues.
The distribution of radiation in the beam should be symmetrical about its axis, and the isodose curves reasonably flattened. The apparatus should have incorporated in it devices to avoid any mistakes in delivering the prescribed dose.
For skin diseases, including port-wine nwvi, Grenz-ray apparatus should be available so that damage to deeper structures is avoided. For superficial malignant conditions, so-called contact (40-60 kV, 2-6 cm FSD) and superficial (75-140 kV and 15-25 cm FSD) X-ray apparatus are both desirable. The addition of a second field to the lesion only so as to make the required isodose reach the whole depth of the tumour is desirable.
For deeply situated or extending malignant conditions, deep X-ray apparatus (200-300 kV) and high-energy apparatus (6fCo and 2-70 MeV X-ray apparatus) have been used. Advantages of high-energy apparatus are bigger depth dose, fewer fields, and the build-up factor making it possible to deliver any required dose anywhere in the body with greater facility and with less skin reaction, less bone damage, and less damage to other normal tissues.
Important questions to answer are: (1) If high-energy beams are available, is deep X-ray apparatus needed? Accurate shielding with small thicknesses of lead is possible with deep X-rays, while the greater thicknesses and greater penumbra implicit with higher energy beams may cause difficulties in certain cases. These include shielding of the mouth in treatment of the cheek, and of the salivary glands, gonads, eye and ear.
(2) Of the high-energy machines available, what is the minimum neededfor (a) bone-sparing, (b) skinsparing, and (c) avoiding subcutaneous tissue fibrosis ? (a) All, even iridium, have this facility. (b) All except iridium show some practical skin-sparing. (c) The depth of maximum build-up needed to avoid subcutaneous radiation fibrosis is about 1 cm; 4 MeV is the desirable minimum energy for this.
(3) What is the highest energy needed? This can be decided only by critical trial. In general, the greater the depth dose, the less is the energy absorption by normal tissues. Clinically, 20 MeV is considered in the pelvis to give better results than 60Co (Fletcher, 1962, Brit. J. Radiol. 35, 5) .
(4) Has electron therapy any part to play? The biological effects of an electron beam are similar to those of equivalent electrons produced in the tissues by X-rays or y-rays of the same energy. The very high output of electrons, the ease of shielding, and the limited penetration seem likely to offer technical advantages.
The Choice ofApparatus
It is considered that one of every type of apparatus should be available, up to the high-energy range, and that in this range one X-ray apparatus and one cobalt machine is necessary in a centre with 1,000 new malignant cases annually, having to treat about 700 with such apparatus per year, including its own palliative cases. Because of possible breakdowns, one of these should be duplicated. With twice the number of cases, two linear accelerators and two cobalt units are needed.
Based on the cost of premises, machines and maintenance, and according to present-day patterns of treatment, estimated costs per patient are of the order of the following amounts: Linear accelerator £20, cobalt unit £15, cesium £6. Pressure The apparatus used at St Thomas's Hospital consists of an aluminium pressure chamber used in conjunction with a twin-headed radiocobalt unit. Radiation can be applied through the walls or through the Perspex windows of the chamber.
Investigations Concerning Irradiation under High
Most patients are now treated while conscious, breathing oxygen at 3 atmospheres absolute, and are given a maximum tissue dose of 3,500-4,000 rads in 6 treatments over eighteen to nineteen days. Only selected patients are anesthetized; these are treated while breathing oxygen at 4 atmospheres absolute. All the best techniques of conventional radiotherapy can be used with equal accuracy in the chamber. Treatment technique varies slightly according to whether the patient is treated conscious or anesthetized. All patients have myringotomies performed by the insertion of steel tubes.
Patients to be treated while conscious are premedicated with Spansules of phenobarbitone.
After the air has been washed out of the chamber, compression is carried out at an average rate of 2 lb/sq. in. per minute until a pressure of 30 lb/sq. in. is reached. The patient is then maintained at full pressure for fifteen minutes to allow the tumour to saturate with oxygen before treatment is started. Decompression is carried out over four to five minutes.
(2) Dr E W Emery The chamber used was designed to treat patients up to 4 atmospheres absolute. It was made of double layer Perspex, and was cylindrical. The pressurization and flow of oxygen is controlled by electrically driven motors. Patients are treated conscious with no previous medication.
We had no trouble with barotrauma. The only complication in a series treated at 4 atmospheres was that 3 out of 10 patients developed oxygen convulsions, so we decided to treat at 3 atmospheres.
The patient was put in the tank and left with a fast flow of oxygen for 2 minutes at atmospheric pressure, was then pressurized, usually at a rate of 8 lb a minute, up to 3 atmospheres absolute, and left at 3 atmospheres for fifteen minutes, before starting treatment on the cobalt unit. Our technique has been daily fractionation for up to seven weeks. Currently this treatment takes about three minutes; patients are then depressurized at 8 lb a minute and remain in the tank for an average total time of thirty-five minutes. As the tank is transparent, and the patient is conscious, treatment can be applied using a normal light beam direction device, almost as easily as with conventional radiotherapy. * Tissue Oxygen Tension Measurements D B Cater' MD FRCS (Department ofRadiotherapeutics, University of Cambridge) The apparatus used for measuring tissue Po, by the oxygen-cathode technique was described. We have used it as a research tool for obtaining data on tumour Po2 and tumour blood-flow as a guide to radiotherapy (it has also been used in ortho-paedics and vascular surgery).
'British Empire Cancer Campaign Research Worker
The results obtained include: (1) Tumour Po2 rose in patients breathing 02 for 10 minutes.
(2) This effect was greater after completion of a course of radiotherapy. (3) In anmsthetized rats tumour Po2 tends to follow changes of systemic blood pressure. It is especially susceptible to falls of blood pressure, but also falls (temporarily) after intravenous injections of adrenaline and noradrenaline. (4) After injections of 5-hydroxytryptamine 5 mg/kg I.P., tumour Po2 rapidly falls to low levels and no longer responds to the inhalation of oxygen (even up to 5 atmospheres absolute). Anti 5-HT agents prevent or reverse this effect. We believe that tumour blood flow depends on blood pressure, but is also very susceptible to circulating physiological amines. (5) In rat and mouse tumours, breathing 02 up to 5 atmospheres absolute produced useful increases of Po2, and equivalent radiosensitivity, in hypoxic sites. (6) Intra-arterial infusion of hydrogen peroxide raised tumour Po2. (7) Hyperventilation with nitrogen in dogs for 3 minutes failed to render muscle anoxic. * Tumour Localization for Treatment Planning J S MacDonald MB DMRD (Royal Marsden Hospital, London) Cancer attacks all parts of the body and therefore the diagnostic X-ray department supporting a radiotherapy centre must be equipped to take advantage of all relevant modern diagnostic methods if accurate assessment of the position and size of tumours and their pattern of spread, both local and distant, is to be achieved.
The first part of the paper dealt with the equipment of the diagnostic X-ray department including its demonstration and viewing room. This is essential for the close co-operation between specialties which is so much in the patient's best interests.
In the second part observations were made on tumour localization in the different anatomical regions. The following topics were among those discussed: Ultrasonics and neuroradiology; the increased accuracy obtained by modem tomographic techniques using multiple blurring movements and axial tomography, e.g. in the skull and mediastinum; lymphangiography; phlebography and arteriography. The fractionated cystogram helped to assess bladder wall infiltration. The exploitation of soft tissue techniques such as mammography was considered and the advantages of image intensification and television for tumour localization both in the department and in the operating theatre together with other aids such as polaroid radiography were discussed. * Treatment Planning Suites L E Mussell BSC AInstP (Liverpool Regional Radiotherapy Centre, Clatterbridge Hospital West, Bebington, Cheshire) The functions and limits of a treatment planning suite are first defined by considering the work which should be done there. The more important items are the accurate localization of the volume to be treated, the determination of the near-by skin contours, the precise definition of the treatment fields to be used, and the summation of isodose curves corrected for skin obliquity, &c.
As well as the ancillary rooms (such as the waiting-room, changing cubicles, sluice room, and film-processing room) the two important rooms are those for X-ray planning proper and dose calculation. In its most compact form a single planning room would house the necessary diagnostic equipment (including a transverseaxial-tomographic unit) together with the simulator unit on which the treatment fields are tried out. The patient's skin contours are best taken whilst he is on the simulator couch. The dose calculation room should house the illuminated benches, oblique incidence calculators, &c., necessary to deal with the isodose curve correction and addition.
In the complete paper the salient features of the more specialized pieces of equipment in each of these rooms are described, and sketch plans show the layout of two sizes of treatment planning suites. * Simulators and their Use in Treatment Planning R Morrison MD FFR (Hammersmith Hospital, London) The simulator used in radiotherapy is a piece of apparatus which will mimic the treatment machine and will ensure that the treatment fields are correctly placed. It is fitted with a tube suitable for radiography instead of therapy and it must have exactly the same movements and arrangements for setting up patients as the treatment machine.
Although field checking may be carried out by the supervoltage therapy apparatus, there are a number of advantages in having a separate machine for this purpose. Greater radiographic detail is obtained and this is necessary when special contrast techniques are being employed for tumour localization. By carrying out all the planning procedures on the simulator there is a saving in therapy machine time and a greater number of patients may be treated.
Many home-made simulators have been constructed by fitting a diagnostic tube into an obsolete piece of therapy equipment. Commercial simulators are now available which incorporate an image amplifier with a television monitor. The machine movements may be motorized so that fields can be selected by remote control.
As a development for the future there may be an advantage in incorporating a diagnostic tube in the therapy machine so that it would be possible for an operator to view the area being treated on a television monitor.
* Beam Direction Techniques I D H Todd MRCP DMRT
(Christie Hospital & Holt Radium Institute, Manchester) In the new radiotherapy department the great majority of small-field beam-directed treatments will be carried out using megavoltage or telecobalt apparatus, so most of the techniques described relate to high energy beams. Among devices mentioned are the plastic shell for use with front and back pointer, modifications of the front pointer for occasions when the additional use of a back pointer is not applicable, and the use of the isocentric property of a machine (with appropriate correction factors) to replace the pin and arc.
However, the underlying principles, in particular the need for accurate visualization of the tumour margins, and for fixation of the tumour in the beam, apply as much to megavoltage as to kilovoltage treatments.
Computers for Dose Planning R E Bentley Bsc PhD (Physics Department, Institute ofCancer Research, Royal Cancer Hospital, Belmont, Sutton, Surrey) A digital computer may be used as an aid in the calculation of dose distributions for multiple field therapy. The present paper describes how a computer may be used to add together the doses due to several fields and produce, automatically, a printed isodose distribution. This results in a considerable saving of labour compared with conventional methods, particularly for plans for treatment by rotation. However, the real value of the method lies in what it holds for the future. T-hree-dimensional planning, precluded for routine use by the sheer weight of the calculations, becomes a practical possibility. An allowance for the effects of heterogeneous absorbing media may be envisaged. It will be possible to carry out many different plans for each patient and consideration is now being given to a technique of selecting the best treatment.
Handling of Radioactive Substances for Therapy F T Farmer PhD FInstP (Royal Victoria Infirmary, Newcastle upon Tyne)
A dual-purpose laboratory has been built at Newcastle upon Tyne, for handling radium containers and high activity isotopes.
On the radium side all operations are carried out behind a 4 in. lead wall. Master-slave manipulators mounted on an overhead track with motor drive serve most of the bench; sphere units are used only for washing. A Pantasafe is fitted behind the protective wall, and storage drawers for made-up radium with electrically operated catches for their open position are built into the back of the bench. Sterilizing by autoclave is carried out before the radium leaves the bench; for this purpose the items are sealed in nylon bags. The radium is finally transferred by a lifting device into a shielded trolley for carriage to the theatre.
On the other side provision is made for dispensing of the commonly used isotopes, both sterile and nonsterile, with the minimum of exposure. Calibrations are made with a well ionization chamber behind the protective wall and, after dispensing, solutions are ampouled or bottled, and sterilized as required.
Whole-body exposures to staff have been measured and normally amount to only a few milliroentgens a week.
* Facilities for Isotope Investigation E S Williams PhD MB (Middlesex Hospital, London) The isotope diagnostic service of a new hospital should be centralized. Research and development should be facilitated in addition to the routine application of well-established methods. The service at present includes the assay of hormones and the estimation of body compartments and of the total exchangeable electrolytes, so that part of the service is closely allied to clinical chemistry and chemical pathology. The development of cell-labelling techniques and the study of the metabolism of substances essential to hemopoiesis, together with certain absorption studies and the introduction of a radioactive method for the assay of vitamin B1, in blood has led to the need for a parallel sophisticated hoematological approach in this field. Other absorption studies and the investigation of the functional state of organs requires a wide physiological and general medical knowledge on the part of those responsible for the investigations. Linking them and the other facets of the subject together are the unique la" attributes of radioactive isotopes, the effective and safe use of which calls for a thorough mastery of radiation physics. Imaginative planning of appropriate accommodation is called for and the traditional association of an isotope diagnostic service with a radiotherapy department should be critically examined.
The New Hospital * The Doctor D M Wallace OBE BSC FRCS (St Peter's Hospital, London) Of the three interested parties the Ministry, the architect, and the doctor, the last is the only one likely to present the views of the patient.
A short enquiry showed that patients' wishes are as follows: Ability to get into and out of hospital quickly. Frequent Difficulties in the past have often been due to an insufficiently considered brief. The involvement of the architect at an early stage in the preparation of the brief helps to avoid difficulties in the later stages. The brief will consist of: (1) Site particulars.
(2) Accommodation-areas of roomscharacter of circulation. (3) Mechanical and electrical requirements. (4) Provisional cost. (5) Full room-by-room schedules of fittings and furnishings.
Each of these is considered in detail, with the reaction of one set of requirements upon another. The architect is both composer of the work and then its conductor, assembling in due course all the elements that will contribute to the final work. In all this the architect must endeavour to allow for future expansion and to achieve an appearance that is msthetically satisfying.
Finally he must be allowed to take some chances in experimenting with materials and design or the result may be a dull building. In the end its success will depend upon the contributions of many people. * The Ministry of Health H Yellowlees MA BM (North West Metropolitan Regional Hospital Board, London) In the regional board with which Dr Yellowlees was associated there were fifteen project teams holding regular meetings in the planning of five new hospitals and seven major re-buildings.
The Ministry, in co-operation with the various boards and the profession, would aim to provide the best that was available in hospital building and to this end was issuing a series of guidance notes on building and equipment.
The new district hospitals of 600-800 beds would serve population units of about 150,000. They would cover all specialties and play an important part in postgraduate teaching.
More emphasis was to be placed on the provision of day-hospital facilities on the district hospital sites especially in the fields of geriatrics and psychological medicine. The accident service on a twenty-four-hour basis would be an important function of district hospitals and more use would be made of outpatient operating theatres for the less extensive type of surgery where after-care in the day hospital units would be provided.
The Ministry was alive to the importance of new technical aids, mechanical and electronic, and was urgently considering how these could best be applied in the improvement of clinical treatment and research.
